It is empirically known that there is variation in vigilance-related behavior in captive population of the Japanese crested ibis in the Sado island. Such personality-related behavioral variation could have important conservational consequences, because of a selective advantage of less alert and more alert birds under serene and wild conditions, respectively. In this study, we determined the nucleotide sequences of the dopamine receptor D4 gene (DRD4), which is one of the most promising candidate genes related to personality-related behavioral variation, in the Japanese crested ibis. The DRD4 cDNA sequence composed of all of 1158 bp coding sequence and 75 bp 3'-noncoding sequence was determined by using reverse transcriptionpolymerase chain reaction and rapid amplification of cDNA ends. Further, we determined the DRD4 genomic sequence composed of four exons and spanning around 17 kb. In addition, we identified the Japanese crested ibis nucleotides corresponding to the domestic chicken or the great tit polymorphisms associated with personality-related behavioral variation.
INTRODUCTION
The Japanese crested ibis (Nipponia nippon ) is a globally threatened bird (Collar et al . 1994 ) that was extinct in the wild in Japan. After the extinction in Japan, five individuals of the Japanese crested ibis were gifted by the Chinese government. The population size has now increased to about 200 captive individuals because of great conservation efforts for captive-breeding programs implemented at the Sado Japanese crested ibis Conservation Center, Niigata, Japan. However, further effective management of captive propagation is clearly needed toward a national project for a release of the Japanese crested ibis in the Sado island.
It is empirically known that there is variation in vigilance-related behavior in captive Japanese crested ibis population in the Sado island, and individual Japanese crested ibis differs consistently in their vigilance-related behavior. More alert bird is likely to have a propensity for meeting with an accident resulting from fright, as compared to less alert one, under serene conditions without predator such as captive-breeding systems. In contrast, more alert bird may have a propensity to survive, as compared to less alert one, in the presence of predator under wild conditions. Such personality-related behavioral variation, which is adaptive, One of the most promising candidate genes related to personality variation in humans is the dopamine receptor D4 gene (DRD4 ). The DRD4 is expressed in the central nervous system as part of the dopaminergic system involved in motivational behaviors, and polymorphisms in the human DRD4 have been associated with variation in novelty seeking (Cloninger 1986; Van Tol et al. 1991; Benjamin et al. 1996; Ebstein et al. 1996; Reif & Lesch 2003) . Associations between polymorphisms of the DRD4 and personalityrelated behavioral variation have also been found in the domestic chicken Gallus gallus (Flisikowski et al . 2008) , the domestic horse Equus caballus (Momozawa et al. 2005) , the domestic dog Canis familiaris (Hejjas et al . 2007 ), the captive vervet monkey Chlorocebus aethiops (Bailey et al . 2007) , and the great tit Parus major (Korsten et al. 2010) .
It is important to investigate DRD4 polymorphisms and an involvement of the DRD4 in personality-related behavioral variation in the Japanese crested ibis population in the Sado island, in order to perform further effective management for conservation of this bird population. As a first step, we here determined the nucleotide sequences for the DRD4 in the Japanese crested ibis.
MATERIALS AND METHODS
We used a dead Japanese crested ibis individual in this study. Total RNA was extracted from the brain tissue of the dead individual with the TRI REAGENT (Molecular Research Center Inc., Cincinnati, OH, USA), and used as a template for reverse transcription-polymerase chain reaction The primers used were designed first on the basis of the sequence conserved in the DRD4 exon sequences between the domestic chicken (Flisikowski et al. 2008 ) and the great tit (Fidler et al . 2007 ) (DRDex1F, DRDex1R, DRDex23F and DRDex4R), and subsequently from the Japanese crested ibis cDNA sequence obtained in this study (DRDex1int and DRDex2int) ( Table 1 ). The primer pairs used were indicated in Table 1 . After an initial incubation at 95ºC for 3 min, PCR amplification was performed for 35 cycles consisting of 95ºC for 1 min, 57ºC for 1 min, and 72ºC for 1 min, followed by a final extension at 72ºC for 10 min. PCR products were separated on 2% agarose gels and visualized by ethidium bromide staining. The PCR products were excised from the gel and subjected to direct sequencing. The rapid amplification of cDNA ends (RACE) was performed using the SMARTer RACE cDNA Amplification kit (Clontech Laboratories, Inc., Mountain View, CA, USA) according to manufacturer's protocol. Primers were designed from partial cDNA sequence obtained by RT-PCR in this study, which were DRD4-5RACE and DRD4-3RACE for 5'-and 3'-RACE, respectively (Table 1) . Following an nested PCR with DRD4-5RACEnested and DRD4-3RACEnested for 5'
-and 3'-RACE, respectively (Table 1) , we performed gel extraction and direct sequencing of the obtained product. Taq buffer (Takara), and the primers designed from the Japanese crested ibis DRD4 cDNA sequence by comparing this sequence with the genomic structure of the chicken (Flisikowski et al . 2008) or great tit DRD4 gene (Fidler et al. 2007 ) (DRDex23R and DRDex34F) were used as well as the DRDex23F and DRDex4R primers ( Table 1) Nucleotide position was determined on the basis of the translation initiation codon in the registered DRD4 genomic sequence (AB856530). -: Primer sequences were designed from the conserved sequence in the DRD4 sequences between the domestic chicken and the great tit.
3 -: Annealing temperature was described in materials and methods section. Table 1 PCR primers used in this study.
The Journal of Animal Genetics (2014) 42, 3-9 between the domestic chicken (Flisikowski et al. 2008 ) and the great tit (Fidler et al . 2007 ) (DRDpromoter1) was used as well as the DRD4-5RACEnested primer (Table 1) , for 5'-flanking or 5'-noncoding sequence. Additionally, for intron 1 sequence, we used the primers designed on the basis of comparison of the Japanese crested ibis cDNA sequence with the domestic chicken (Flisikowski et al . 2008) or the great tit gene organization (Fidler et al. 2007 ) (DRDintron1-4F and DRDintron1-3R), of the conserved intron 1 sequence between the domestic chicken (Flisikowski et al . 2008) and the great tit (Fidler et al . 2007 ) (DRDintron1-4R, DRDintron1-8R and DRDintron1-3F), and of the newly obtained Japanese crested ibis genomic sequence in this study (DRDintron1-8F, DRDintron1-10F and DRDintron1-10R) (Table 1) . DNA sequencing of PCR-amplified products after gel extraction was performed by direct sequencing.
Primers obtained from primer walking were also used as sequencing primers. Analysis of nucleotide and predicted amino-acid sequences and alignments were done with the GENETYX version 10 software package (Software Development, Tokyo, Japan).
RESULTS AND DISCUSSION
We determined the nucleotide sequence of the cDNA obtained by using the RT-PCR and RACE method.
The determined cDNA sequence contained poly(A) tail and polyadenylation signal ATTAAA from 21 bp to 16 bp upstream of the poly(A), indicating the success in cloning of 3'-end sequence of the cDNA by the 3'-RACE. In contrast, the 5'-RACE was likely to be unsuccessful, because of the existence of only a few 5'-noncoding nucleotides upstream of the translation initiation codon in the determined cDNA sequence. The unsuccessfulness in the 5'-RACE might be attributable to the use of lowquality total RNA extracted from the brain tissue of the dead individual. The determined cDNA sequence was found to be highly homologous to the domestic chicken (Flisikowski et al. 2008 ) and the great tit DRD4 cDNA sequences (Fidler et al. 2007 ) with 88% and 88% identities, respectively (Fig.   1 ). The identity of predicted amino-acid sequence was 89% between the Japanese crested ibis and the domestic chicken, and 90% between the Japanese crested ibis and the great tit (Fig. 1) . As a result, the Japanese crested ibis DRD4 cDNA sequence composed of all of 1158 bp coding sequence and 75 bp 3'-noncoding sequence was determined ( Fig. 1) and has been submitted to the DDBJ, GenBank and EMBL nucleotide sequence databases under the accession number AB856529.
The genomic fragments containing the DRD4 5'-flanking or 5'-noncoding, intron 1, intron 2 and intron 3 regions were obtained by PCR. For the 5'-flanking or 5'-noncoding sequence, 2586 bp sequence upstream of the initiation codon was determined. However, the putative transcription start site was not predicted on the basis of comparison of the DRD4 5'-upstream genomic sequences in the Japanese crested ibis and the domestic chicken (Flisikowski et al. 2008) or the great tit (Fidler et al. 2007 ), because of low homology. In addition, the exon-intron organization was determined by sequencing (Fig. 2) . The exon-intron boundaries were identified by a loss of sequence homology between the cDNA and the genomic sequences and by the presence of consensus splicing signal in the vicinity of these regions. All splicing donor and acceptor sites conformed to the AG/GT rule, and we identified splicing consensus sequences in the boundary regions.
The exon-intron organization was perfectly conserved between the Japanese crested ibis and the domestic chicken (Flisikowski et al . 2008) or the great tit genes (Fidler et al . 2007 ) (Fig. 1) , and the sizes of intron 1, intron 2 and intron 3
were 12298 bp, 365 bp and 734 bp, respectively (Fig. 2) . As a result, the nucleotide sequence of the Japanese crested ibis DRD4 gene composed of four exons and spanning around 17 kb of the genome was determined (Fig. 2) and has been deposited into the DDBJ, GenBank and EMBL nucleotide sequence databases under the accession number AB856530.
It has been reported that the poultry DRD4
sequences have a repeat of proline in the exon 1 region (in the upstream of transmembrane 1 region) corresponding to the human polymorphic region, in which variation of repeat number of 12 bp core sequence is related to psychiatric disorder in humans (Catalano et al . 1993) , and that the number of proline repeats is polymorphic (eight or nine) in the domestic chicken (Sugiyama et al . 2004 ). The repeat number of proline was four in the Japanese crested ibis (Fig. 1) . It is important to note that we need to detect polymorphism in the repeat number among five founder birds for the Sado Japanese crested ibis population in future study. Further, Fidler et al . (2007) detected a single nucleotide polymorphism (SNP830 with a C-T substitution) located in exon 3 of the great tit DRD4 sequence that was Pmajor DRD4cDNA 883 CCGGTCGTCGTCGGTGCTTTCCTCTTCTGCTGGACACCTTTTTTTGTGGTGCACATTACCAGGGCTCTCTGCAAGTCCTGCTCCATCCCCCCTCAAGTCACCAGCACTGTCACTTGGCTG 1002 gallus DRD4cDNA 1042 GGTTACGTCAACAGCGCTGTCAACCCCATCATTTACACTGTTTTCAACGCCGAGTTCAGGAACTTCTTCCGCAAAGTCTTGCACCTCTTCTGCTGAGCTCACT--------GGAACTG--1151 DRD4cDNA 1063 GGTTACGTCAACAGTGCTCTCAACCCCATCATTTATACCGTTTTCAACGCGGAGTTCAGGAACTTCTTCCGCAAAGTCTTGCACCTCTTCTGCTGAG-GCTCT--------GGAACTGGT 1173 Fig. 1(A) . Komatsu et al., Fig. 2 The Journal of Animal Genetics (2014) 42, 3-9 involvement of the DRD4 in personality-related behavioral variation in the Japanese crested ibis population in the Sado island, through detecting polymorphisms and performing association study.
